Abstract: The exposure of silages to air during storage and during transfer between silos may lead to the growth of aerobic microorganisms and so compromise the chemical composition, silage quality, and in vitro digestibility. In this study, we simulated the transfer and re-ensiling of silages to check for possible effects of exposure to air in relation to chemical composition, in vitro digestibility of dry matter, and silage quality and aerobic stability. Twenty silos were made, and after 150 d, 15 of them were opened and re-ensiled after 12, 24, and 48 h of exposure to air. During the aerobic exposure period, temperature varied from 9.1 to 28.9°C (mean: 18.5°C). Among the parameters evaluated, we observed variation only in lignin content; however, this variable did not affect the in vitro digestibility of the silage. A linear increase of pH values as increasing air exposure time (P < 0.05) also was observed. However, these changes did not have practical importance due to the small observed variation. The pH values of the experimental samples were lower than 4.2, which is indicative of well-preserved corn silages. Therefore, the chemical composition, the quality, and the aerobic stability of silage were not influenced by different periods of air exposure.
Introduction
The nutritional value of silage is related to the agronomic characteristics of the ensiled forage and the methods by which it is stored. The success of these methods depends on reducing the pH and especially the oxygen levels in the silo.
Oxygen contributes negatively to the quality of silage during filling, storage, and silo use (Ashbell et al. 1990) , and during silage transfer between silos. In Brazil, the silage transfer between storage farms has occurred due to limited availability of preserved forage, the excessive losses during storage, the decreasing amount of forage available due to inadequate management, climatic limitations, such as irregularity of rains, and accidental fires. In addition, the availability of manpower and machinery, and the topography of some regions, also have limited the production of silage. Because of this increasing demand, some properties have been specializing in the production of silage for marketing. In this way, the acquisition of silages and their re-ensiling has become a common practice in some regions of Brazil.
Transfers may take hours or even 1-2 d, during which the silages are inevitably exposed to air (Chen and Weinberg 2014) , and this may cause deterioration of the silage due to the activation of aerobic microorganisms.
The process of deterioration is characterized by degradation of organic acids by the action of yeasts and sometimes acetic acid bacteria, resulting in an increased pH that permits the growth of fungi and aerobic bacteria (Tangni et al. 2013) . In corn silage, aerobic losses can cause a reduction of up to 20% of silage dry matter (DM; Tabacco et al. 2009 ). The aerobic deterioration of silage is essentially a microbiological process and results in a reduction of soluble nutrients and an increase of fibrous fractions, thus, compromising the nutritional value and digestibility of silage. The aim of this study was to evaluate the effects of re-ensiling on the chemical composition, in vitro digestibility of dry matter (IVDDM), and quality and aerobic stability of corn silage after different periods of exposure to air.
Materials and Methods

Ensiling and re-ensiling
For this study, the maize hybrid BRS 1060 was used. This hybrid was developed and registered by the National Center for Maize and Sorghum Research (CNPMS) of the Brazilian Agricultural Research Corporation (EMBRAPA), located in the city of Sete Lagoas, Minas Gerais, Brazil (latitude 19°28′S, longitude 44°15′W, altitude 732 m), and licensed for production and commercialization of seeds by Limagrain Guerra Sementes S.A. Maize was planted in five blocks to provide samples representing a range of moisture and soil fertility. The space between rows was 70 cm, and fertilizer was applied at 400 kg ha −1 of 8-28-16 (N-P-K) + 0.5% Zn.
A topdressing application of fertilizer at 100 kg N ha
was made 35 d after planting. Harvesting (after 107 d of growth) was at the milky/ dough stage of grain maturation. Before harvesting, a 5 m length of each block was harvested to provide information on the crop. Number, height, and weight of plants were measured. For each sample taken in the field, six plants were collected, and the leaf, stem, and panicle fractions were separated, weighed, and processed in the laboratory to determine the relative proportions (as %) on a DM basis (Table 1) .
Subsequently, the crop was harvested and chopped into lengths of between 1 and 2 cm, using a conventional forage harvester. The chopped forage was sampled (one sample per block) for analysis of fresh material and was then compacted manually into experimental silos. For each block, a silo was made for each of the four treatments (control, 12, 24 , and 48 h) giving a total of twenty experimental silos. Each silo consisted of 200 L plastic bucket equipped with a fitted lid Bunsen valve to allow only the gas to exit. A nylon bag was placed within each bucket (nylon with 50 μm of porosity) for each treatment, total of 20 bags (repetitions). The bags contained the same material with known weight and had undergone the same changes as the rest of the material stored in the silos. After filling and sealing, the silos were transferred to the Veterinary School of the Federal University of Minas Gerais in Belo Horizonte, Brazil.
Re-ensiling was done 150 d after ensiling. The silos were opened, with the exception of the control group, and the material was removed and then re-ensiled after 12, 24, and 48 h of exposure to air. This procedure was carried out in a shed, starting at 1000 on 10 July 2013 and ending at 1600 on 12 July 2013. The silage surface with visible molds was discarded, and the remaining material was scattered on a cement floor forming a pile for each 200 L plastic bucket. Nylon bags from each bucket were kept tied and were handled to enable its aeration and then placed on top of pile of each treatment. During the aerobic exposure period, data of temperatures were obtained from the automatic weather station of the EMBRAPA meteorological station in Sete Lagoas, Minas Gerais, Brazil (Table 2) .
After 150 d of fermentation of the re-ensiled material, the silos were opened. Samples were taken for analysis to determine chemical composition, in vitro digestibility, silage quality parameters (pH, NH 3 -N and lactic, acetic, propionic, and butyric acids), total DM losses, aerobic stability, and total count of molds, yeasts, and bacteria.
Chemical analysis, in vitro digestibility, and dry matter recovery
The silage samples were predried in a forced ventilation oven at 55°C for 72 h and processed in a mill fitted with a 1 mm sieve (Thomas Wiley Mill Model 4, Thomas Scientific, Swedesboro, NJ, USA).
After processing, the samples were analyzed for DM content in an incubator at 105°C (AOAC 2000) . The crude protein (CP) content was measured by determining the total nitrogen concentration via the Kjeldahl method (AOAC 2000) , in which CP was calculated as the value of N × 6.25. The neutral detergent fiber (NDF), acid detergent fiber (ADF), and acid detergent lignin (ADL) contents were determined by the sequential method described by Van Soest et al. (1991) . In the NDF analysis, we used α-amylase. The ether extract (EE) was determined by the Soxhlet procedure (AOAC 2000) . The IVDDM was estimated according to the procedure described by Tilley and Terry (1963) and modified by Holden (1999) using the rumen simulation Daisy II (Ankom Technology, Macedon, NY, USA). The ruminal fluid was collected from a ruminally cannulated cow whose diet was composed of 10 kg (DM) of corn silage and 3 kg (DM) of commercial feed with 24% CP. The weights of the nylon bags prior to ensiling and then at the opening of the silos were used to calculate dry matter recovery through the equation proposed by Jobim et al. (2007) .
Fermentation quality of silage
The silage juices were extracted with a hydraulic press and used to evaluate the fermentation of the silage. We determined pH using a digital pH meter (model HI 2210, Hanna Instruments, Woonsocket, RI, USA) and NH 3 -N content by the Kjeldahl method (AOAC 2000) . Lactic acid, acetic acid, and butyric acid contents were measured using a Waters Alliance HPLC e2695 with a 2998 photodiode-array detector (Waters, Milford, MA, USA). The separation was performed on a reverse phase C18 column ODS 80 A (150 mm × 4.6 mm × 5 μm). The analysis conditions were isocratic mobile phase consisting of 100% aqueous acidic solution, phosphoric acid, pH 2.35-2.55, flow 1.0 mL min −1 , oven temperature 40 ± 5°C, sample injection volume 10 μL, 20 min run, and detection with excitation wavelength at 210 nm.
Water activity and microbial analyses
Samples were collected for a total count of aerobic microorganisms (yeasts, molds, and aerobic bacteria). Analysis of the microbiota was made by the plate dilution spread method using the following procedure: 25 g of sample was transferred aseptically into individual round 500 mL bottles containing 225 mL of sterile peptone water solution (0.1%) and then homogenized for 2 min. For each sample, an appropriate serial decimal dilution (10 −2 -10 −5 ) was performed in tubes with peptone solution. From each dilution step, 0.1 mL was transferred to a Petri dish, and the inoculum was spread onto the surface of the agar with a Drigalski spatula. The total count of bacteria was determined aerobically using plate count agar after incubation for 1-3 d at 36 ± 1°C; the total count of yeasts was determined using tryptone glucose yeast extract agar after aerobic incubation for 1-3 d at 30 ± 1°C; and the total Note: Data obtained from the automatic weather station of the EMBRAPA meteorological station in Sete Lagoas, Minas Gerais, Brazil. Treatment 48 h of exposure to air: the silos were opened at 1000 on 10 July 2013, the material was removed, and then re-ensiled at 1000 on 12 July 2013. Treatment 24 h of exposure to air: the silos were opened at 1400 on 11 July 2013, the material was removed, and then re-ensiled at 1400 on 12 July 2013. Treatment 12 h of exposure to air: the silos were opened at 1600 on 11 July 2013, the material was removed, and then re-ensiled at 1600 on 12 July 2013. T max , maximum temperature; T min , minimum temperature; T avg , average temperature. count of molds was determined using dichloran-rose bengal chloramphenicol agar after aerobic incubation at 25 ± 1°C for 5-7 d. All plates were examined daily for the typical colony types and morphologies associated with each growth medium. Total microbiota counts were expressed as colony-forming units per gram (CFU g −1 ).
The water activity of each sample was determined using a HygroPalm AW1® apparatus (Rotronic, Hauppauge, NY, USA) in a fully air-conditioned room. Each sample was placed in plastic containers, and the device was calibrated with standard solutions before each day of measurement.
Aerobic stability of the silage
The aerobic stability of the silage was evaluated by placing plastic buckets containing 1.5 kg of silage in a heated room with a constant temperature of 25°C. The buckets were covered with aluminum foil that allowed air to come into contact with the silage while protecting it from environmental contamination. The temperature of the silage was recorded at 0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 30, 36, 42, 54, 68, 80, 92, 104, 116, 128, 140, 152, 164, 176, 188 , and 200 h using a mercury thermometer (Analog thermometer for greenhouses, model TAE-110, Equitherm, Porto Alegre, RS, Brazil) inserted 10 cm into the center of the silage mass. It was assumed that there was a loss of aerobic stability when the temperature of the silage hit 2°C above the ambient temperature, according to Wang and Nishino (2013) . In addition, the time required to reach the maximum temperature of the silage was evaluated according to the methodology used by McEniry et al. (2007) . The heating rate was obtained by dividing the value of the maximum temperature by the time required to achieve it (Ruppel et al. 1995) . The pH values during the aerobic stability measurements were determined by the method proposed by Silva and Queiroz (2002) .
Statistical analysis
Data were analyzed as a randomized complete block design with five replicates. The microorganism counts were passed through a logarithmic transform prior to being analyzed. To analyze the results, we used the procedure PROC GLM of SAS® and the equation Y ij = μ + B i + EC j + e ij , where Y ij is the observation j at time i of re-ensiling, μ is the general average, B i is the effect of block i (i = 1, 2, 3, 4, 5), EC j is the effect of time j of re-ensiling (j = 0, 12, 24, or 48 h), and e ij is the residual error for i and j. Orthogonal contrasts analysis was used to determine whether the re-ensiling time had a linear or quadratic effect on the measured parameters. Differences were considered significant when P < 0.05. Pearson's correlations between variables were also calculated.
Results
Among the variables related to the chemical composition of silages, we observed only a quadratic effect in the lignin content (Table 3 , P < 0.05). However, this variable did not affect the in vitro digestibility of the silage.
With respect to fermentation quality, we observed only a linear increase in pH values (Table 4 , P < 0.01). The values of ammoniacal nitrogen to total nitrogen (NH 3 -N/TN), and of lactic acid, acetic acid, and butyric acid were not affected by the different times of re-ensiling (Table 4 , P > 0.05). These observed pH and N-NH 3 /TN values are characteristic of silages that are considered well preserved. P-values of contrasts tested for a linear effect (L) and quadratic effect (Q); NS, not significant; *, P < 0.05; **, P < 0.01. SEM, standard error of the mean; DM, dry matter; OM, organic matter; EE, ether extract; CP; crude protein; NFC, nonfibrous carbohydrates; NDF, neutral detergent fiber; ADF, acid detergent fiber; LIG, lignin; IVDDM, in vitro digestibility of dry matter; DMR, dry matter recovery; n = 5 per treatment.
The counts of yeasts, fungi, and bacteria were not affected (P > 0.05) by the different times of re-ensiling (Table 5) .
The time taken to lose aerobic stability, the maximum temperature, the time taken to reach the maximum temperature, and the silage heating rate were not affected by the different times of re-ensiling (Table 6 , P > 0.05). The variables related to the temperature of the silage showed very similar behaviors over time (Table 6 ).
The pH values showed little variation between treatments during the testing for aerobic stability. During the first 54 h, the pH values changed very little (Table 7) . Shortly after this period, the pH increased until such time as the temperature of the silage rose 2°C above the environmental temperature (Table 6 ).
Discussion
The growth of fungi, yeasts, and bacteria during the aerobic deterioration of silage is one of the main factors influencing silage quality. The principal substrates used by these microorganisms are organic acids, ethanol, and soluble sugars, resulting in increased silage pH P-values of contrasts tested for a linear effect (L) and quadratic effect (Q); NS, not significant; *, P < 0.05; **, P < 0.01. SEM, standard error of the mean; NH 3 -N/NT, ammonia as a percentage of total nitrogen; n = 5 per treatment. Table 5 . Total count of aerobic molds, yeasts, and bacteria, and water activity in corn silage after different periods of air exposure. P-values of contrasts tested for a linear effect (L) and quadratic effect (Q); NS, not significant; *, P < 0.05; **, P < 0.01. SEM, standard error of the mean; TCY, total count of yeasts; TCM, total count of molds; TCB, total count of bacteria; n = 5 per treatment. P-values of contrasts tested for a linear effect (L) and quadratic effect (Q); NS, not significant; *, P < 0.05; **, P < 0.01. SEM, standard error of the mean; t 2 , time required to raise the temperature of the silage above 2°C compared with room temperature; T max , maximum temperature; t Tmax , time required to reach the maximum temperature; n = 5 per treatment.
and decreased digestibility and energy content (Jobim et al. 2007) .
Silages more prone to aerobic deterioration are those rich in soluble carbohydrates and starch such as corn (Castro et al. 2006) . However, despite this susceptibility of corn silages' aerobic losses, the tested treatments did not affect the chemical composition or the quality of the silage and resulted in only a small change in lignin content and pH.
The reduction of cell wall components (lignin) in silage subjected to aerobic deterioration could have been caused by fungal action. However, because fungal counts did not change, the variation in lignin values is best attributed to the sequential method used for the analysis and also can be solubilized by acid during the analysis. This solubilization was reported by Jung et al. (1997) . The authors have analyzed the lignin content of corn silage by the Klason lignin method and ADL method, and verified values of 2.5% and 4.8%, respectively. In this way, the variances observed in values of lignin are more related to its solubilization during measurement and not the re-ensiling process. However, it is important to note that this dissolved lignin is accounted as nonfibrous carbohydrates (NFC), because this component is determined indirectly from other chemical components of the forage.
Even though they were statistically significant, the changes in lignin content are of no practical importance. Such changes can be caused by small variations of this component and by the absence of change in the in vitro digestibility of the silage evaluated (Table 3) .
Also, samples were analyzed for DM content in an incubator at 105°C. According to McDonald et al. (1991) , drying silage samples by heat can result in loss of volatile substances, such as short-chain fatty acids and alcohols. However, these losses of volatile compounds were not liable to affect the results of this study. Such a consideration can be enhanced by the absence of changes in DM content after drying the samples and concentrations of organic acids in silage juices evaluated in this study. Soon, it is worth adding that these losses exist but were not of importance to the results observed in this study.
The silage protein content and EE observed in our experiments were consistent with the reports of Tedeschi et al. (2002) for Brazilian silage, while our NDF and lignin values were lower. The lower NDF and lignin values can be related to the increased corn cobs fraction in the silage (Table 1 ) and the lower proportion of stems and leaves. These proportions give ensiled materials a high nutritional value that remains stable over time. This can be verified by examining the in vitro digestibility values of these materials (Table 3) .
A small variation was observed in the pH values (Table 4 , P < 0.01). As there was no change in the population of microorganisms upon opening the silo (Table 5) , the change in pH values can be attributed to the volatilization of organic acids and nitrogenous compounds in the moments preceding the collection of the samples. According to Woolford and Wilkie (1984) , volatilization of this kind can be caused by the discharge of the silage and can be accompanied or not by changes in pH values. In addition, the significance of the difference in pH values (P < 0.05) may also be related to the low standard error of the mean for this variable (Table 4) that was very sensitive to any numerical modification. By relating the values of DM content, pH, ammonia nitrogen as a percentage of total nitrogen, and organic acid content of silage this study (Table 4) , using the fermentation evaluation methods proposed by Tomich et al. (2003) , it can be said that all our studied silages were well preserved.
The fermentation profile and populations of fungi and yeast are the key components to the effects of re-ensilaging (Chen and Weinberg 2014) . In this study, the preservation of silage quality can be attributed to low counts of fungi and yeasts (Table 5) . This is consistent with the conclusions of Tabacco et al. (2009) , who report that silage is more prone to aerobic deterioration when the yeast population is greater than 10 5 CFU g −1
, and also of Pitt et al. (1991) , who report that reduction in the quality of silage occurs when the population of yeasts and molds reach 10 8 and 10 6 CFU g −1 of silage, respectively. P-values of contrasts tested for a linear effect (L) and quadratic effect (Q); NS, not significant; *, P < 0.05; **, P < 0.01. SEM, standard error of the mean; n = 5 per treatment.
The aerobic deterioration of silage is primarily by the action of yeasts and fungi, and the factors that influence the growth of these microorganisms may adversely affect silage quality (Ashbell et al. 2002) . These factors are the presence of fermentable substrates, ambient temperature, and oxygen availability. Corn silage is an excellent source of nutrients for the aerobic microorganisms involved in deterioration. However, despite the availability of nutrients and oxygen between the periods of opening our experimental silos and re-ensiling, ambient temperatures and air exposure time may have been insufficient to promote the development of aerobic microorganisms.
During the opening of the silos and re-ensiling, ambient temperatures ranged from 9.1 to 28.9°C and averaged 18.5°C. Therefore, the preservation of the chemical composition (Table 3 ) and the quality of the silage (Table 4 ) under these temperature conditions can be related to the results obtained by Ashbell et al. (2002) . Those authors found aerobic losses for corn silage after 3 d of exposure to air at 30°C, and then on the sixth day, the materials exposed at 20°C also expressed aerobic losses, while the silage maintained at 10 and 40°C during 6 d of exposure to air did not suffer aerobic losses. Therefore, in our experiment, the oscillation of temperature during the exposure of silage to air may have provided only short periods of optimum temperature for the growth of aerobic microorganisms. These conditions may have limited the growth of microorganisms involved in the early stages of silage deterioration.
Large populations of fungi and yeasts are associated with lower aerobic stability of silage (Pitt et al. 1991) . This was verified by Dolci et al. (2011) , who observed a reduction in the aerobic stability of corn silage in association with population growth of fungi and yeasts due to increased availability of oxygen during the storage period. Therefore, our hypothesis was that prior exposure of silage to air, between periods of opening the silo and re-ensiling, could lead to a reduction in the aerobic stability of these materials. However, the lack of change in the population of microorganisms between the treatments contradicted this hypothesis, and similar numbers were observed through the whole period of aerobic stability evaluation (Table 6 ).
The loss of aerobic stability in silage is manifested by an increase in temperature and pH, which is caused by the reactions promoted by aerobic microorganisms. Our experimental silage treatments remained stable for a long period, and the first changes were not observed until 90 h of exposure to air. After this period, there was a large increase in pH, until the time the silage lost aerobic stability (Table 7) . The pH values and loss of aerobic stability observed are in agreement with the observations reported in the literature (Kristensen et al. 2010; Addah et al. 2011; Borreani et al. 2014) for corn silage that has a chemical composition, quality, and microorganism count very close to our samples.
Although the observed changes were not significant to the chemical composition, in vitro digestibility, and quality of silage, it is important to recognize some limitations of this study. These limitations include the absence of an in vivo assessment of intake or digestibility used. Also, the small-scale silos contained only 0.19 m 3 of ensiled material that is much lower than the conventional silos that typically contain several hundred tones of ensiled material. However, it is noteworthy that procedures in our experimental protocol such as the removal of silage surface with visible molds, the time of the year, and the different lengths of exposure to air were based on current practices on Brazilian farms on which silages are transferred for re-ensiling.
According to our results, good quality corn silage can be transferred within 48 h when average temperatures are about 20°C. This conclusion is consistent with the results of Chen and Weinberg (2014) , who report that successful transfer depends on the quality of the silage, and Kung (2010) , who reports that the movement of silage between storage structures should be done on cool days and as quickly as possible.
We therefore conclude that the chemical composition, quality, and aerobic stability of re-ensiled corn silage are not changed after up to 48 h of exposure to air.
